The hidden-charmed pentaquark P c (4450) and the charmonium-like state Y(4274) are investigated as aD * Σ c and a D sDs0 (2317) molecular state, respectively. The spin parities of these two states cannot be well understood if only S-waveD * Σ c and D sDs0 (2317) interactions are considered. In this work, the interactions are studied in a quasipotential Bethe-Salpeter equation approach with a partial wave decomposition on spin parity J P , and the contributions of different partial waves are studied in a two-channel scattering model including a generating channel and an observation channel. Two poles at 4447 ± 4i and 4392 ± 46i MeV are produced from theD * Σ c interaction coupled with the J/ψp channel in 3/2 − wave and 5/2 + wave, respectively. The peak for the 5/2 + state has a comparable height as that of the 3/2 − state in the J/ψp invariant mass spectrum. The D sDs0 (2317) interaction coupled with the J/ψφ channel is studied and a pole at 4275 ± 11i MeV is produced in J P = 1 + wave, which corresponds to P-wave D sDs0 (2317) interaction. The pole from S-wave D sDs0 (2317) interaction is far below that from P-wave interaction even the J/ψφ threshold, so cannot be observed in the J/ψφ channel. The result suggests that in these cases a state carrying a spin parity corresponding to P-wave interaction should be taken as seriously as these carrying a spin parity corresponding to S-wave interaction in the hadronic molecular state picture.
The hidden-charmed pentaquark P c (4450) and the charmonium-like state Y(4274) are investigated as aD * Σ c and a D sDs0 (2317) molecular state, respectively. The spin parities of these two states cannot be well understood if only S-waveD * Σ c and D sDs0 (2317) interactions are considered. In this work, the interactions are studied in a quasipotential Bethe-Salpeter equation approach with a partial wave decomposition on spin parity J P , and the contributions of different partial waves are studied in a two-channel scattering model including a generating channel and an observation channel. Two poles at 4447 ± 4i and 4392 ± 46i MeV are produced from theD * Σ c interaction coupled with the J/ψp channel in 3/2 − wave and 5/2 + wave, respectively. The peak for the 5/2 + state has a comparable height as that of the 3/2 − state in the J/ψp invariant mass spectrum. The D sDs0 (2317) interaction coupled with the J/ψφ channel is studied and a pole at 4275 ± 11i MeV is produced in J P = 1 + wave, which corresponds to P-wave D sDs0 (2317) interaction. The pole from S-wave D sDs0 (2317) interaction is far below that from P-wave interaction even the J/ψφ threshold, so cannot be observed in the J/ψφ channel. The result suggests that in these cases a state carrying a spin parity corresponding to P-wave interaction should be taken as seriously as these carrying a spin parity corresponding to S-wave interaction in the hadronic molecular state picture. 
I. INTRODUCTION
The hadronic molecular state picture is one of the most popular interpretations of the exotic state in market [1] . It has been widely applied to explain a series of experimentally observed exotic states, which cannot be assigned in the conventional quark model but is close to the threshold of two hadrons. In the literature, people often focus on the bound state from S-wave interaction and assume the P-wave bound state should be difficult to form from hadron-hadron interaction and to observe in experiment. For example, the X(3872) and the Z c (3900) are related to isoscalar and isovector S-wave DD * states [2] [3] [4] , and the Y(4274) and the Y(4140) are related to S-wave D sDs0 (2317) and D * + s D * − s states, respectively [5] [6] [7] [8] . There also exist predictions of hidden-charmed pentaquark from S-wave anticharmed meson and charmed baryon interactions [9, 10] .
The recent observation of the P c (4450) and P c (4380) at LHCb confirmed the existence of the hidden-charmed pentaquark. With the help of partial wave analysis, LHCb provides the information about spin parities as well as masses of these states [11] [12] [13] . Surprisingly, different from the predictions in Refs. [9, 10] the hidden-charmed pentaquarks P c (4380) and P c (4450) carry opposite parities. It is difficult to explain both states as hadronic molecular states from relevant S-wave anticharmed meson and charmed baryon interactions, i.e.,DΣ * c ,D * Σ c , andD * Σ * c interactions. In Ref. [14] , the authors proposed that the P c (4450) can be reproduced from Swave interaction of a proton and a P-wave charmonium χ c1 , with a small coupling to the J/ψp channel. It is an interesting * junhe@impcas.ac.cn interpretation but a little different from the standard molecular state picture because the attraction is from transition between the χ c1 p and J/ψp channel instead of the direct χ c1 p interaction which is suppressed according to the OZI rule. In Ref. [15] , theDΣ * c ,D * Σ c , andD * Σ * c interactions were investigated in a quasipotential Bethe-Salpeter equation approach with a partial wave decomposition based on J P . In such an approach, the orbital angular momentum L is not considered explicitly because it is not a good quantum number when the calculation is relativistic and the experimental result is provided with spin parity J P directly. A bound state in 5/2 + wave is produced from theD * Σ c interaction, which can be explained as experimentally observed P c (4450) [15] . Such spin parity cannot be produced from S-wave interaction of aD * with 1 − and a Σ c with 1/2 + . So this bound state with 5/2 + should be from P-and F-waveD * Σ c interaction. Such a challenge also happens in the case of the Y(4274). The spin parity 1 ++ determined at LHCb [12, 13] conflicts with previous Swave D sDs0 (2317) molecular state interpretation [5, 7] , which suggests P-wave interaction should be also introduced in this case.
In this work we will study the P c (4450) and Y(4274) in a quasipotential Bethe-Saltpeter equation with a partial wave decomposition on spin parity J P . The spin parity which corresponds to P wave will be considered and focused. In the literature, there are some studies about the P-wave molecular state [15] [16] [17] , especially Ref. [17] where S-wave interaction is forbidden. However, explicit comparison of the effects of P wave and S wave on experimental observables, such as cross section and invariant mass spectrum, is scarce. Hence, in this work, we will focus on three questions:
• Admittedly, P-wave interaction should be weaker than S-wave interaction. We will study whether P-wave interaction is too weak to form a bound state, or weak but still enough to form a bound state in some cases.
• Can the P-wave bound state, if it can be produced, be observed as these from S-wave interaction?
• If the observed state corresponds to the P-wave bound state, it should be answered where is the S-wave bound state which should be easier to produce.
In the next section, the formalism adopted in the quasipotential Bethe-Salpeter equation approach is presented, and a toy model of two-channel scattering of scalar mesons is adopted to compare P-wave and S-wave contributions. In Sec. III, the LHCb pentaquarks P c (4450) and P c (4380) are studied as theD * Σ c molecular states. The D s D s0 (2317) interaction and the Y(4274) are studied in Sec. IV. The discussion and summary are given in the last section.
II. FORMALISM
In this work, we will introduce a two-channel scattering, which includes a generating channel and an observation channel, to study the relative magnitude of contributions of different spin-parity partial waves.
• Generating channel: It has a higher threshold and is adopted to generate the bound state by exchange of light mesons. In the cases considered in this work, theD * Σ c channel and the D sDs0 (2317) channel are considered for the P c (4450) and the Y(4274), respectively.
• Observation channel: It has a lower threshold and is adopted to observe the bound state generated by the generating channel. For the observation channels considered in this work, i.e. the J/ψp channel and the J/ψφ channel, the interaction is very weak according to the OZI rule.
The generating and observation channels are coupled by exchanges of heavy mesons, D or D * mesons here. With the transition between two channels, the bound state generated by the generating channel will leave the real axis in the complex plane and exhibit itself as a peak in the invariant mass spectrum of the observation channel. The contributions of different spin-parity partial waves in the observation channel can be compared. To study the two-channel scattering, a coupledchannel quasipotential Bethe-Salpeter equation approach will be adopted.
A. Quasipotential Bethe-Salpeter equation
The general form of the Bethe-Salpeter equation for the scattering amplitude reads
where V is the potential kernel and G is the product of the propagators for two constituent particles. Here the momentum of the system
, and the relative momen-
The superscript l, m or n remarks the different channels, generating and observation channel here.
The Bethe-Salpeter equation is usually reduced to a threedimensional equation with a quasipotential approximation. To study the behavior of the one-boson-exchange interaction below threshold, the off-shellness of two constituent hadrons should be kept. Here we adopt a most economic method, that is, the covariant spectator theory [18, 19] , which was explained explicitly in the appendices of Ref. [4] and applied to studied the Λ(1405), the Z c (4430), the N(1875), and the Z(3900) and the LHCb pentaquarks [4, 15, [20] [21] [22] [23] . Written down in the center-of-mass frame where P = (W, 0), the propagator is
where
A definition G 0 = G/(2πi) will be used for convenience thereafter. The constituent particle 2, which is the heavier one, is put on shell to satisfy the charge-conjugation invariance because the mesonexchange model is adopted in the current work [24] . A numerical discussion about different choices of the oneshell constituent particle was made in Ref. [25] , and no obvious differences were found with different choices. We would like to note that the covariance and the unitary are kept in this quasipotential approximation.
After multiplying the polarized vector and spinor on both sides of Eq. (1), we obtain an equation for helicity amplitude as
where p, p ′ and p ′′ are the momenta of constituent 2. Here and hereafter, individual helicities are omitted where redundant and states are only labeled by the total helicities λ, λ ′ and λ ′′ .
In this work, we make a partial wave decomposition of the helicity amplitude M based on spin parity J as [26] 
the helicity of the bound state. A definition p ≡ |p| is adopted here in order to avoid confusion with the four-momentum p.
Without loss of generality, we choose the scattering to be in the xz plane, the potential is written as
where the momenta
Besides the above partial wave decomposition, the amplitude with fixed party is introduced as M
, where P and P 1,2 are the parities and J and J 1,2 are the angular momenta for the system and particle 1 or 2 [29] . The partial wave Bethe-Salpeter equation with fixed spin parity J P reads as [4] 
where λ, λ ′ and λ ′′ ≥ 0 andM
and f λ 0 = 1. The potential with fixed parity is of a form
By using normalization of the Wigner D matrix, the integration of the amplitude is
Since there is no interference between the contributions from different partial waves, total cross section or invariant mass spectrum can also be divided into partial-wave cross sections. To solve the integral equation (6), we discretize the momenta p, p ′ , and p ′′ by the Gauss quadrature with a weight w(p i ) and have [4] 
The propagator G is of a form
with on-shell momentum
In this work, we will search for the pole of scattering amplitude as M = (1 − VG) −1 V. By analytic continuation into complex plane W → z, the pole can be found by variation of z in the complex plane to satisfy |1 − V(z)G(z)| = 0.
B. Toy model: Two-channel scattering of scalar mesons
Since realistic interaction is complex, we present first a simple toy model to explain why we should not work with S-wave interaction only. Here, the generating channel is composed of two scalar particles with equivalent masses M = 2.2 GeV and observation channel is composed of two scalar particles with masses 1 and 3 GeV. All particles involved are assumed to be scalar and isoscalar particles for simplicity. In the current case, the 0 + and 1 − waves with partial wave decomposition on spin parity J P correspond to S and P waves, respectively. The potential in the one-boson-exchange model for the twochannel scattering is written as,
where q is momentum of exchanged meson. The C and C ′ describe the strengths of interactions for the generating channel and transition of two channels, respectively. In the cases of theD * Σ − J/ψp and D sDs0 (2317) − J/ψφ interactions considered in the current work, the interaction in the generating channel is mediated by exchanges of light mesons, such as π and ρ mesons, and the coupling of generating and observation channel by exchanges of charmed mesons, such as the D meson. To connect with these realistic cases, in the toy model we choose m = 0.5 GeV and m ′ = 2 GeV, which are at the same order of masses of light meson and of charmed meson, respectively.
Before presenting the explicit numerical results about the S and P waves, we give a simple analytical discussion. According to the definition of partial-wave potential in Eq. (5), for a scalar system considered here the S-wave contribution is from the terms with (cos θ) 0 = 1, and the P-wave contribution is from the terms with cos θ which usually appears with a factor of δ 2 = (p/M) 2 . If both constituents are on shell, we will have a very small δ because of the small binding energy of molecular state of an order of 10 MeV and large masses M of two constituent hadrons of the order of 1 GeV . It is why the suppression of the P-wave contribution seems obvious in the hadron physics community. Now we take the potential of generating channel as an example to show why such an analysis is not so reliable for meson-exchange potential. If we assume δ small the potential can be written as
If the momentum p ( ′ ) is also much smaller than the mass of the exchanged meson m, the term 2pp ′ cos θ can be omitted so that the P-wave contribution vanishes. However, the exchanged meson is often light in the one-boson-exchange model. Furthermore, except at threshold it is impossible to put both constituent particles on shell. The momentum is not fixed but a variable of integration in our quasipotential BetheSaltpeter approach and popularly used Lippmann-Schwinger equation approach. It is often cut off at about 1 GeV, so the momentum may be larger than the mass of the exchanged meson.
In the chiral unitary approach, the cutoff in momentum can be seen as regularization [27] , which can be related to the dimensional regularization as discussed in Ref. [28] . Inserting the potential in Eq. (12) into the partial-wave BetheSalpeter equation in Eq. (6), one can find that the convergence is not satisfied in our approach. Hence, a regularization is also needed in our approach. We will adopt an exponential regularization by introducing a form factor of exponential form in the propagator as
with k 1 and m 1 being the momentum and mass of the charmed meson [4] . The particle 2 is not involved because of its onshell-ness. With such regularization, the momentum usually spreads from 0 to about 1 GeV as presented in Fig. 1 . Here a binding energy E = 10 MeV is adopted and cutoff Λ is chosen at 2 GeV. For convenience, we plot the results with p = p ′ . The form factor F(p) is about 50% at p ≈1 GeV. So, it is unreliable to regard the P-wave contribution as a negligible contribution even for exchange of ρ, ω, σ or φ mesons, which is not so light as the π meson.
In Fig. 1 , the ratio R = V P /V S between the P-wave and S-wave potential with p = p ′ is also depicted. It is obvious that the P-wave potential is smaller but of the same order of magnitude as the S-wave potential for exchange of a particle with mass m = 0.5 GeV. The ratio R for the transition of the generating and observation channel is smaller than that for the generating channel, which is due to larger mass of the exchanged meson.
The above analysis suggests that P-wave interaction is weaker than S-wave interaction but still promising to produce a bound state. In the following, we will make an explicit calculation to compare P-wave and S-wave contribution by taking explicit strengthes C = 6000 GeV and C ′ = 2000 GeV as an example. With potential in Eq. (12), the log |1 − V(z)G(z)| is plotted in Fig. 2 with variations of Re(z) and Im(z). The poles can be identified from the plot at z which satisfies |1 − V(z)G(z)| = 0. The square of the scattering amplitude for the observation channel
which is the core of many observables, such as cross section and invariant mass spectrum, is also presented in Fig. 2 . The scattering amplitudesM
with fixed spin parity in Eq. (8) with the momenta p ′ and p being chosen as on shell momentum defined in Eq. (11) . The scattering amplitude is obtained by a numerical solution of the BetheSalpeter equation with fixed spin parity in Eq. (6) by transforming it to a matrix equation (9) . A P-wave bound state is produced from the generation channel as well as a S-wave state. The P-wave state is closer to the threshold of the generating channel than the S-wave state, which is easy to understand because the P-wave interaction is, though strong enough to produce a bound state, but still weaker than the S-wave interaction. Such a phenomena will be helpful to answer where is S-wave bound state which should be easier to produce if the observed state corresponds to a P-wave bound state. It will be discussed later in the realistic case in the next section.
If only the generation channel is considered, the pole for the bound state is at the real axis. After transition of generating and observation channels is included, the poles for both S-and P-wave abound states leave the real axis to the complex plane. In other words, the transition will give the bound state width. In the model considered here, the S-wave and the P-wave states decay to the observation channel through S and P waves, respectively. The P-wave state has smaller width than the S-wave state because the transition between generating and observation channel in P wave is weaker than those in S wave as shown in Fig. 1 . However, such weakness in P wave has a relatively small affect on the height of peaks observed. The peak of the P-wave state observed in the observation channel is almost the same heigh as that of the S-wave state. Based on the results we concluded that the P-wave interaction is weaker but may be still enough to form an observable bound state, at least for the toy model considered here.
III. APPLICATION TO LHCB HIDDEN-CHARMED PENTAQUARKS
Now, we turn to a realistic case, the LHCb hidden-charmed pentaquarks. If these two pentaquarks are interpreted as thē DΣ * orD * Σ molecular state, the opposite parities suggest that one of them is at least a P-wave state. Furthermore, the results in the toy model show that the P-wave state is narrower and closer to the threshold than the S-wave state, which has analogy to the narrower P c (4450) and wider P c (4380). Hence, the P c (4450) and P c (4380) may be a 5/2 + (P-and F-waves) state and a 3/2 − (S-and D-waves) state from theD * Σ c interaction, respectively. To confirm this assumption, a two-channel scattering will be constructed as the toy model.
For the generating channelD * Σ c , an explicit discussion in the same quasipotential Bethe-Salpeter equation approach as the current work has been given in Ref. [15] with pseudoscalar (π, η), vector (ρ, ω) and scalar (σ) meson exchanges included. These two pentaquarks were observed in the J/ψp invariant mass spectrum, so we choose it as the observation channel. Since the J/ψp interaction is OZI suppressed, here we assume a potential iV J/ψφ→J/ψφ = 0 as in the toy model.
The transition between generating and observation channel is described by D and D * exchanges. So we need the following Lagrangians [30] [31] [32] [33] :
Based on SU(4) symmetry, the coupling constants g Σ c ND * = 3.0, and g Σ c ND = 2.69 [30] [31] [32] . The coupling of heavy-light charmed mesons to J/ψ is of form [34] [35] [36] [37] 
The two couplings are related to a single parameter g 2 as 
2 , which satisfies the quark counting rule, is only introduced to the vertex for the baryon with a cutoff Λ which is chosen the same as the cutoff in the propagator for simplification.
The potential kernel can be obtained with the Lagrangians given above as our previous work in Ref. [15] . In our model, only one free parameter, the cutoff Λ, is involved, which will be determined by comparison with experiment. As in the toy model, the poles of two-channel scattering in 3/2 − and 5/2 + waves are searched by variation of z in the complex plane to satisfy |1 − V(z)G(z)| = 0, and presented in Fig. 3 . The J/ψp invariant mass spectrum of Λ 0 b → J/ψK − p decay is given approximately as [39, 40] 
withW being total energy of the decay process, that is, the mass of Λ The cutoff Λ is varied to produce two poles which can be related to two LHCb pentaquarks. At cutoff Λ = 1.7 GeV, which is close to the cutoff in the nucleon-nucleon interaction [18, 19] , a pole at 4447 ± 4i MeV is found in 5/2 + -wavē D * Σ c interaction. Correspondingly, a narrow peak appears in the J/ψp mass spectrum near theD * Σ c threshold. The small binding energy and width of this state is due to the relatively weak interaction in P and F waves. Obviously, this state can be identified as the experimentally observed P c (4450). In the 3/2 − wave corresponding to S and D waves, a pole at 4392 + 46i MeV is found, whhose peak is rather broad and far from theD * Σ c threshold because of the relatively strong interaction in this partial wave. Hence, as in the toy model, the P-wave state is bound more loosely and narrower than the S-wave state, which is consistent with the experimental observations of the P c (4450) and the P c (4380) [11] .
In Table I , more results of the position of the poles with variation of the cutoff are listed to show the sensitivity to the parameter, cutoff Λ. In this work we are more interested in the bound state in the 5/2 + wave near theD * Σ c threshold. The results show that the mass of this higher pole decreases by about 20 MeV with cutoff increasing from 1.6 to 1. 8 GeV.
Empirically, it is reasonable to conclude that the result is not sensitive to the cutoff for the higher pole. The running of the lower pole in 3 2 − wave is faster than the higher pole. However, considering large experimental uncertainty of mass and width of this state, the result is not so sensitive to the cutoff. It is well known that a resonance leads to a rapid rotation of evolution of complex amplitude in the Argand diagram. The molecular state will show a circular trajectory near the position of the peak. In Fig. 4 , the Argand diagram are shown with the energy region from 4.30 to 4.46 GeV as in Fig. 3 . The energy region is divided into 500 parts, each of which is plotted as a dot in Fig. 4 . All independent helicity amplitudes are presented and it is found that M (01/2,01/2) is the most important one. Because the amplitudes for the J/ψp scattering are adopted here, the results cannot be compared directly with the LHCb experiment [11] . But there is still something interesting observed. The molecular states really give a rapid rotation at energies near peaks as expected which is a behavior characteristic of a real resonance structure. For the 5/2 + state corresponding to P c (4450), almost an entire circle is formed while for the 3/2 − state corresponding to P c (4380) only an arc is formed. The analogous behaviors can be found in the Argand diagram of the LHCb experiment [11] . Almost all dots for the 3/2 + state are at the circle, which reflects the resonance structure cover all energy region from 4.30 to 4.46 GeV as shown in Fig. 3 . But for the 5/2 + state, only a few dots are involved in the rapid rotation, which reflects the small width of this state. The dots out of the resonance region assembles at the (0, 0) point, and do not show a circular trajectory.
IV. APPLICATION TO THE Y(4274)
In Refs. [5, 7] , the D s D s0 (2317) interaction has been studied and the Y(4274) is assigned as an S-wave D s D s0 (2317) molcular state with quantum number J PC = 0 −+ , which conflicts with recent LHCb experiments [12, 13] . To reproduce the LHCb spin parity of the Y(4274) we need to introduce the P-wave interaction. Considering that the D sDs0 (2317) interaction is mediated by φ and η exchanges, it is possibly strong enough to generate a P-wave bound state.
As in Ref. [7] , the potential of the D sDs0 (2317) interaction by light meson exchanges can be obtained with the Lagrangian from the heavy quark field theory [37] ,
where the coupling constants h = −0.56 ± 0.28, ββ ′ = 0.90, g V = m ρ / f π = 5.8 with f π = 132 MeV [5, 6, 37, 41] . Since β and β ′ are not well determined in the literature, we choose ββ ′ = 0.9η ββ ′ and take η ββ ′ as a free parameter. Here we will use these potentials to study the 1 ++ (P-wave) bound state as well as the 0 −+ (S-wave) bound state. To compare the contributions of S-wave and P-wave states in the J/ψφ channel, we also introduce the transition between D sDs0 (2317) and J/ψφ channel through D * s exchange. Different from the toy model and the case of P c (4450) and P c (4380), the 1 ++ (P-wave) and 0 −+ (S-wave) bound states from the D sDs0 interaction decay into J/ψφ in S and P waves, respectively. The Lagrangians for J/ψ coupling to D * sD s and D * sDs0 (2317) reads [37, 42] 
where g 3 = √ m ψ / f ψ . The Lagrangians for J/ψ coupling to D * sD s and D * sD s0 (2317) reads [37, 42] ,
where λ = 0.56 GeV −1 , ζ = 0.727 and ̟ = 0.364. As in the case of the pentaquark, we do not consider the form factors for the light meson coupling with D s while form factor are introduced to the vertex for D * s0 because it is an excited state. Since there does not exist experimental or theoretical information about the form factor for D * s0 meson. Form factor as f (q 2 ) = Λ 2 /(Λ 2 − q 2 ) are introduced to the vertex for the D * s0 meson with a cutoff Λ which is chosen the same as the cutoff in the propagator for simplification.
It is found that with Λ = 1.8 GeV and η ββ ′ = 1.8, a pole at 4275+11i MeV is produced from the D sDs0 (2317) interaction with 1 ++ , which is presented in Fig. 5 . As in the case of the toy model and the case of the P c (4450), the 1 ++ (P-wave) state appears near the threshold while a 0 −+ (S-wave) state is far from the threshold of the generating channel. The pole near the threshold at 4275 ± 11i MeV can be related to the Y(4274) with the spin parity 1 ++ suggested by LHCb. It is interesting to find that the 0 −+ (S-wave) state is below the J/ψ threshold, which explains why it cannot be observed in experiment. In Table II , more results about the position of the poles are listed as in the hidden-charmed pentaquark case. Analogously, the pole near the D sDs0 (2317) threshold is not sensitive to cutoff. The mass decreases by about 10 MeV with cutoff increasing from 1.7 to 1. 9 GeV. The running of the lower pole in the 3 2 − wave is faster than the higher pole. In this work, we study theD * Σ c and D sDs0 (2317) interactions and their relation to the experiment observed P c (4450) and Y(4274) in the hadronic molecular state picture. The spin parities of these two states cannot be reproduced from only S-wave interactions, so the spin parties which correspond to P wave are considered in this work. A pole near theD * Σ c threshold and a pole near D sDs0 threshold can be found with quantum number 5/2 + and 1 ++ , respectively. These two poles can be related to the experimentally observed P c (4450) and Y(4274).
The bound states with spin parties which correspond to S wave are also produced as expected. When the P-wave state is produced near threshold, the S-wave state is far from the threshold. For theD * Σ c interaction, the pole from 3/2 − -wave interaction locates at about 4390 MeV, which can be related to the P c (4380) state. As suggested in Ref. [1] existence of two or more resonant signals around 4380 MeV, especially those with spin parity 3/2 − , cannot be excluded because of the large widths for the P c (4380) obtained here and in experiment. For the D sDs0 (2317) interaction, the S-wave state is far from the threshold even below the J/ψφ threshold, so cannot be observed in experiment.
By introducing an observation channel, the effects of states in different partial waves on experiment observables are discussed. For the toy model and theD * Σ c -J/ψp interaction, the P-wave state near threshold is narrower than the S-wave state far from the threshold, but the height of the peak of the former is of the same order of magnitude as the peak of the latter. In this work, only two channels are included. If the width of the P-wave state is really so smaller than S-wave state after all possible channels included, the P-wave state should be easy to observe in experiment. Back to the questions in the Introduction, at least for the cases considered in this work,
• P-wave interaction is weaker but may be still enough to form a bound state.
• The P-wave bound state can be observed as these from S-wave interaction.
• The S-wave bound state should be far from the threshold if the observed state corresponds tothe P-wave bound state.
